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The state of arousal in young precocial birds is a determinant of the strength of the social bond formed during an imprinting opportunity. Imprinting is inhibited in Ss under the influence of sodium pentobarbital, a tranquilizer. Conversely, birds aroused through exposure to additional external stimulation or the influence of the stimulant racemic amphetamine sulfate show enhanced social responses. The current study extends the work on amphetamines by employing methamphetamine hydrochloride as a stimulant. It was found that, relative to saline controls, anirnals under the influence of the excitant yielded reliably stronger indices of imprinting.
Experimentally induced levels of arousal have been found to be a strong influence on the process of imprinting. It has been shown that interference with CNS activity through the administration of a tranquilizer produces lowered imprinting scores. Bradford & Macdonald (1969) found that sodium pentobarbital administered prior to training sessions reduced improvement in imprinting *This research was supported by NSF Grant No. GS3119 to Robert B. Zajonc. Psychon. Sei., 1971, Vol. 23 (lA) over trials in proportion to the size of the dose. The highest dosage employed (10 mg/kg) prevented any improvement. Similarly, Macdonald (1968) showed that birds maintained on a schedule of pentobarbital injections could be imprinted past their normal critical period. Macdonald interprets these results as demonstrating that the drug prevented the birds from imprinting on the general environment.
On the other hand, arousal has been i ncreased by the mechanical introduction of additional stimulation at a point when the S is in a position to observe the imprinting target. The sound of a wooden dapper (Pitz & Ross, 1961) or the administration of electrical shock (Kovach & Hess, 1963) , applied to Ss when in proximity to an imprinting object, produced greater imprinting scores relative to control Ss that did not receive like stimulation. In a study in which only 7 of 18 bobwhite quai! responded socially to a live sparrow hawk, one S demonstrated strong approach tendencies after it had been attacked and dropped to the floor by the imprinting object (Melvin, Cloar, & Massingill, 1967) . Kovach (1964) suggests that a media tor of such enhanced acquisition is autonomie arousal. He shows that the adrenergic stimulant, racemic amphetamine sulfate (as weH as ephedrine and epinephrine), improved following in Vantress Broiler chicks up to 18 h of age. Kovach goes on to remark, however, that induced or maturationally produced levels of CNS excitement may be more critical to the behavior than sympathetic nervous activity. This may be the case, since amphetamines operate on the CNS and have been faund to facilitate the physiological correlates of alertness, the monitoring of cu es, and motor performances (far a review see Cole, 1967) .
In this study the examination of the influence of amphetamines on imprinting is extended. A different amphetamine compound, methamphetamine hydrochloride, was employed, as was a different variety of chick. SUBJECTS Ss were two groups of 12 Dekalb hybrid (White Leghorn variety) chicks hatched and housed socially in groups of 4 to 20. All birds were tested at 12 to 24 h of age. APPARATUS Testing was done in an uncovered open-ended runway 7 in. wide and deep and 5 ft long. The interior walls of the runway were painted flat black, and the floor was lined with disposable absorbent paper. Butted against each end of the runway was the wire mesh wall of a 7 x 7 x 9.75 in. Holtege metal cage with flat-black interior walls. One cage was empty and the other contained the imprinting target: a motor-powered 3 x 5 in. canary-yeHow card that spun at 60 rpm on a horizontal axis. The cages were illuminated by shaded 200-W bulbs suspended overhead; the runway was illuminated by fluorescent ceiling lamps. PROCEDURE Forty minutes prior to testing, Ss in the experimental group (D) were weighed and given subcutaneous injections of methamphetamine hydrochloride in a solution of sterile saline. A single 1 mg/kg dosage was administered in a concentration of 0.20 mg/mI in volumes ranging from 0.165 to 0.22 ml. Ss in the control group (C) were handled in an identical fashion and were injected with equivalent amounts of sterile saline.
Testing was accomplished in three phases: For Trial 1 (Tl) animals were placed in the center of the runway and observed for 9 min. A proximity score of 1, 2, 3, 4, or 5 (or their half points) was assigned every 10 sec. The scores corresponded to thresholds 20, 16, 12, 8, or 4 in. from the target cage wall. If the S failed to cross the 20·in. threshold, it was assigned a score of O.
At the end of Tl the animal was placed within 4 in. of the target cage wall and restrained there by a 7 x 7 in. barrier. Mter 10 min of forced exposure to the target, the S was removed to the housing box.
When 1 h had elapsed since the end of the forced exposure, the S was again introduced to the center of the runway and a second 9·min trial (T2) occurred. The position of the target was opposite that of Tl.
The testing of Ss in two trials yielded several conventional measures o f i mprinting: the tendency to approach a novel object on the first trial, latency scores for first approach to a target after exposure, and overall proximity scores before and after exposure. For purposes of analysis, the proximity scores were collapsed into averages for 1-min blocks. RESULTS There is evidence that imprinting occurred in bath the D and C graups. However, in terms of tendency to approach a novel target during Tl, differences in latencies to approach during T2, and overall proximity scores during tests, the D animals performed far better than did the C animals.
The tendency to approach a novel imprinting target can be treated as a binomial score defined as the number of Ss crossing the first threshold toward the target at so me time. A chi-square test shows that on the first trial significantly more D birds (8 of 12) crossed the first threshold than did the C birds (2 of 12), (x 2 = 4.28, df = 1, .05 > p> .02). For T2 no statistical difference is found between the D (11 of 12) and C group (8 of 1 2 ) , ( X 2 = 1. 0 1 , d f = 1, n.s. ), indicating that so me imprinting had occurred in both groups as a function of Tl and the period of forced exposure.
Latency of crossing the first scoring threshold for those Ss that approached the target further distinguishes 8 between the experimental and control conditions. No statistical test was performed on the differences in latencies for Tl because only two Ss in the C group obtained scores. The differences for T2 did provide a measure of superior imprinting for the D group, with the mean latency for D being 141.82 sec and far C, 286.25 sec [t(one-tailed) = 2.25, df = 17, p< .025].
An analysis of variance of proximity scores further shows that irnprinting occurred within both groups. Ss' proximity to the target increased over the nine l·min blocks of both trials regardless of treatment (F = 28.03, df = 8/176, p< .01), and both groups obtained larger scores over trials (F = 74.62, df = 1/22, p< .01). Figure 1 shows that the tendency to approach the target over time generally increases more sharply during T2 than during Tl (F = 2.37, df = 8/176, P < .05), again demonstrating that imprinting occurred.
As suggested in the latency data, though, dramatic differences in proximity scores also emerge. The between·group main effect for treatment yields an F value of 5.66 (df = 1/22, .05> p> .02). Inspection of Fig 
DISCUSSION
The proposition that the strength of imprinting is linked to the arousallevel of Ss in the presence of an imprinting target has received support from earlier work. Data from this study indicate that imprinting occurred between the first and second trials, but that it occurred more strongly in birds injected with methamphetamine hydrochloride than in those treated with saline. Other studies (see Cole, 1967) show that amphetamines have CNS activating properties as weil as properties that increase the activity of so me motor and peripheral systems. In this context this study and that of Kovach (1964) demonstrate that imprinting is one of a number of processes facilitated by the presence of amphetamine.
Further, it is interesting to observe that evidence for imprinting was gained from White Leghorn chicks, a variety reported by Hess (1959) to be much lower in imprintability than Vantress Broilers.
In general, these results are complementary to the finding that CNS depressants impede imprinting. Th is experiment, though, cannot distinguish the role of the increase in autonomie or motor activity from that of CNS arousal. However, if a single constant factor, such as motor activity level, is contributing to the difference in proximity scores between groups, then one might expect that the differences between groups over trials would be proportionate. That they are not proportionate is shown by the significant Treatment by Trials interaction.
